Abstract
Neuronal function is exquisitely sensitive to alterations in extracellular environment.
In patients with hepatic encephalopathy (HE), accumulation of metabolic waste products and noxious substances in the interstitial fluid of the brain may contribute to neuronal dysfunction and cognitive impairment. In a rat model of chronic liver disease, we used an emerging dynamic contrast-enhanced MRI technique to assess the efficacy of the glymphatic system, which facilitates clearance of solutes from the brain. We identified discrete brain regions (olfactory bulb, prefrontal cortex and hippocampus) of altered glymphatic flow, which aligned with cognitive/behavioural deficits. Although the underlying pathophysiological mechanisms remain unclear, this study provides the first experimental evidence of impaired glymphatic clearance in HE. . Following intra-cisternal infusion of gadolinium, serial acquisition of T1-weighted MR images was performed ( Figure 1A ).
In order to assess the ability of the brain to distribute the infused contrast agent, the brain was compartmentalized (on analysis) and quantification of signal intensity vs. .
We assessed the function of prefrontal cortex by testing spatial working memory. There was no difference between the animal groups in time required to reach the escape box during the sample (training) trial (p=0.3). However, significant differences between the groups in the retention trial were observed (p=0.02) (Figure 2A-B) , suggesting that the BDL animals are unable to retain an active representation of information indicative of prefrontal cortex dysfunction.
As the hippocampus is important in acquisition of spatial reference memory 9 , further tests to assess its function were performed. Although no differences were observed in escape latencies between the groups (p=0.2), the controls showed progressive and significant improvement in the task acquisition during the training days (p=0.04) ( Figure 2C ). This indicates the inability of BDL animals to learn how to use the reference cues in order to reach the escape box, suggesting impairment of hippocampal function. There were no differences in the speed and distance travelled by animals from the two groups, therefore differences in latency were not due to locomotor deficiency ( Figure 2D-E) . Moreover, the learning ability of shamoperated, but not BDL animals, was evident from significant decreases in distance covered, which was also reflected in the increase of path efficiency ( Figure 2F ).
These results demonstrate a functional correlate to the observed alteration in glymphatic flow in the hippocampus.
This study demonstrates impaired CSF penetration and parenchymal clearance of the contrast agent in the olfactory bulb and prefrontal cortex, indicating a dysfunction of the glymphatic clearance system in an animal model of mHE. The reasons underlying increased contrast agent inflow in the hippocampus are currently unclear, but may be due to cell loss/neurodegeneration, also seen in models of Alzheimer's disease or regional glial alterations that may occur in HE , arterial pulse-pressure 13 , inflammation 14 , may play a role.
In conclusion, this study provides the first experimental evidence of impaired glymphatic clearance in HE. 
